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1.0 INTRODUCTION 

This document describes bench-scale testing conducted to estimate hexavalent chromium 
sediment/water distribution coefficients (Kd' s) and leachability of hexavalent chromium 
in the Hanford Site's 100 Area sediments where site-specific information does not 
currently exist. Samples used for testing were obtained from the 100-D Area. 

This document is organized as follows : 

• Introduction, including background project information and test objectives 
• Scope and design of the testing 
• Methods and Materials . 
• Results and Discussion 
• Conclusions 
• Data Appendices. 

1.1 BACKGROUND 

Available literature provides broad and varied descriptions of mechanisms and conditions 
that affect the mobility of metals in sediments, and as a result, a complex relationship 
emerges for each metal, pore water and sediment environment. Metals exist within 
sediment pore waters as either free metal cations, in soluble complexes with inorganic or 
organic ligands, or associated with mobile inorganic and organic colloidal material. 
These mobile species can interact with the sediments through either surface adsorption, 
solubility-precipitation or particulate filtration [for colloids] processes. 

Hexavalent chromium is typically present in sediment porewaters as chromate ions 
HCr04 • (pore water pH <6.5) or Cro/· (pore water H 2::6.5), or as dichromate ion Cr2o/· 
(pore water pH 2::6.5) at higher dissolved chromium concentrations (EPA 1992). It is 
difficult, and perhaps impossible, to measure the speciation of Cr on the sediments 
directly. BHI identified soils for this test by using SW-846 extraction procedures. 
Results suggest that there is measurable Ct6 in the sediments as shown in Appendix A. 

Because of the anionic nature of hexavalent chromium in groundwater, its association 
with sediment surfaces is limited to positively charged exchange sites, the number of 
which decreases with increasing sediment pH. Stollenwerk and Grove ( 1985) found that 
hexavalent chromium adsorption was due in part to the presence of iron oxides and 
hydroxides within alluvial particles, but that hexavalent chromium was readily desorbed 
with the input of uncontaminated water. Korte et aL (1976) found that hexavalent 
chromium was mobile in alkaline sediments. In Korte et al. ' s work, parameters that 
correlated with hexavalent chromium immobility were free iron oxides, total manganese, 
and sediment pH, whereas sediment properties, surface area, and percent clay had no 
significant effect on hexavalent chromium mobility. 

It has been also shown by other studies that organic matter can act as an electron donor in 
the redox reaction between hexavalent and trivalent chromium (Bartlett and Kimble 
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1976; Bloomfield and Pruden 1980) and that the reaction rate for the reduction to Cr +3 

increases with decreasing sediment pH (Cary et al. 1977; Bloomfield and Pruden 1980). 
However natural Hanford sediments in general contain very little organic carbon (<0.05 
to 0.1 % ) so that we feel organic carbon reduction processes are insignificant in the 100-
Area sediments barring the co-disposal of organics in the liquid waste streams. 

The interested reader is also pointed to.a recent review of contaminant-sediment 
geochemical literature published by EPA [EPA 1999] and available electronically at 
http://www.epa.gov/radiation/technology/partition.htm, that contains chapters on Cr 
geochemistry, and Cr distribution coefficient literature. 

The migration potential of metal contaminants through sediments is commonly quantified 
by the parameter named Kci. The Kd is defined as the ratio of sediment-bound 
contaminant concentration to the concentration of contaminant in the water at 
equilibrium. The ratio is calculated using the concentration of contaminant bound to the 
solid (per gram of solid) divided by the concentration of contaminant in solution (per 
milliliter of liquid). The Kd represents a number of different mechanisms affecting the 
distribution of the contaminant, of which only sorption (i.e., adsorption and ion 
exchange) is typically addressed through short-term testing (ASTM 1993; ASTM 1987). 

To date, only Kc! (and not leachability) has been used to evaluate groundwater impact 
using the RESidual RADioactivity dose model (RESRAD). RESRAD also has a 
computation feature to evaluate groundwater impact from residual vadose sediment 
contaminant concentrations, utilizing leachability parameters, which represent combined 
dissolution and desorption of contaminated sediments with the introduction of water. 
Given the multiple mechanisms available for hexavalent chromium adsorption/desorption 
and/or solubility/precipitation in sediment, as well as the wide range of Kc! values 
currently published in the literature, specific testing of hexavalent chromium mobility in 
sediment underlying former 100 Areas waste sites is warranted. This conclusion that 
site-specific Cr(VI) mobility data should be collected at sites requiring clean-up decisions 
is also the key conclusion promoted by the recent EPA document, EPA (1999). 

Contaminated and uncontaminated sediment from the 116-D-7 retention basin site, 
located north of the 100-DR-1 Operable Unit at the Hanford Site was selected for use in 
the bench-scale tests reported herein. The basin was an open concrete structure with a 
vertical concrete wall lengthwise down the middle of the basin and wood and concrete 
baffles to control water flow through the basin. Between 1944 to 1967, the site received 
large quantities (the exact amount is unknown) of process effluent water contaminated 
with radionuclides and water treatment chemicals to allow for thermal cooling and radio 
decay prior to discharge to the Columbia River. The basin is known to have had 
extensive leaks throughout its period of usage. Sodium di chromate was used for 
corrosion control in the reactor cooling water. Cr was used for cleaning activities as 
chromic acid, a Cr+3 form. After operations ceased in 1967, the site was 
decommissioned as part of the Radiation Area Remedial Action (RARA) Program. The 
upper portion of the basin's side walls, center structure, and baffles were knocked down 
into the basin and the entire site was stabilized with 0.6 to 1.2 m (2 to 4 ft) of overburden 
sediment. 

2 
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The 116-D-7 site and underlying vadose zone (i.e., unsaturated sediments above the 
groundwater table) consist of material from the Hanford Formation. The Hanford 
Formation consists predominantly of medium-dense to dense sand and gravel, with 
various degrees of silt and ~obble-sized material. The long-term groundwater depth 
beneath the site is estimated at 13.4 m (44 ft) below the bottom of the remedial action 
excavation. The site is located approximately 190 m (626 ft) from the 100-year flood 
level of the Columbia River. 

The basin is currently being remediated as part of the Group 2 Remedial Action Project. 
The excavation of previously placed overburden backfill and the removal and disposal of 
the 116-D-7 engineered structure were completed in 1998. The remaining sediment 
beneath the removed structure was sampled to determine if remedial action goals had 
been achieved. Hexavalent chromium was found at concentrations ranging from 0.8 
mg/kg to 18 mg/kg (see Appendix A Table A. I for past results). RESRAD modeling 
indicates a potential impact to groundwater from these sediments, assuming a hexavalent 
chromium Kd value of zero. A ~ range for hexavalent chromium from O to 1800 mL/g 
has been found in ·a literature search but the available Kd data in this reported range is 
neither specific for the 100-D Area, or the 100 Areas, in general. Thus one major 
objective of this report was to perform Cr(VI) adsorption tests using 100-Area site 

. specific sediments and waters. Similar elevated hexavalent chromium vadose zone 
sediment concentrations are anticipated at other 100-D Area sites. 

It is also possible that the hexavalent chromium found in Hanford 100 Area contaminated 
sediment is present as an insoluble precipitate as opposed to being adsorbed on surface 
exchange sites. At this nioment leach rates for Cr(VI) in sediments are not as readily 
available in the literature and have not been measured for Hanford site-specific 
sediments. Import~t decisions affecting the cost and extent of remedial action in the 100 
Areas are currently based on very conservative RESRAD predictions. The determination 
of area-specific Kd and leach rates would provide a more accurate picture of actual 
potential impacts to groundwater and support future remedial action cleanup goals and 

. planning. 

The tests described herein were performed on sediments from the 116-D-7 site at the 100 
D Area. Applicability of the results outside of the 1 16-D-7 site and 100 D Area are to be 
determined on a case by case basis by the lead regulatory agency. EPA and Ecology 
have stated that generally there is a potential for the analogous sediments approach at 
three groupings: 100 BC and K Areas; 100 D and H Areas; and 100 F Area. 

1.2 TEST OBJECTIVES 

The primary objectives of the bench-scale tests reported herein were to: 

1. Estimate a~ for hexavalent chromium specific to Hanford Formation sediments 
found throughout the I 00 Areas. · 

2. Estimate a leach rate for hexavalent chromium specific to contaminated sediments 
found in the Hanford Formation throughout the 100 Areas . 

.., ., 



To achieve these objectives, the testing utilized a combination of batch equilibrium 
adsorption tests (with clean sediments exposed to water spiked with hexavalent 
chromium) and batch and column leach tests (with hexavalent chromium contaminated 
sediments exposed to uncontaminated groundwater) to generate the necessary data. 

A flow-through column tests was used to determine the Cr leach rate of sediment 
contaminated with hexavalent chromium using a flow rate equivalent to ten times faster 
than rainfall plus proposed irrigation. The faster flow rate was within the range of most 
leach and adsorption tests performed in .laboratory studies and gave a residence time of 4 
days in the column. We feel that this reaction time is long enough for most simple 
surface adsorption and slightly soluble salt dissolution reactions to reach equilibrium 
based on 30 years experience performing such tests. Effluent solution samples were 
taken over designated time intervals to establish the concentration of chromium in the 
effluent with time and sediment pore volumes eluted. A mass balance analysis was 
performed using initial concentrations and final concentrations of Cr(VI) in the sediment 
and in the effluent water. Both total and Cr(VI) were measured in the effluent using two 
independent analytical methods. A final leach rate will be determined by ERC based on 
the data collected. 

2.0 MATERIALS AND METHODS 

2.1 100-D HANFORD SEDIMENT 

Two sediment samples, one uncontaminated and one Cr(VI) contaminated were obtained 
from ERC. The samples were shipped in 5-gal buckets directly from the field. Two 5-
gallon buckets of each [ clean and contaminated) sediment were obtained. The clean 
sediment was labeled SW-OA and SW-OB. 

An initial weight of 10 kg of uncontaminated sediment was homogenized by cone and 
quartering to acquire more representative and consistent sub samples for the batch 
adsorption test. The material used for batch sorption testing was sieved through a # 5 
sieve. Particles larger than 4 mm were discarded. The same procedure was used to 
obtain a sub sample of contaminated sediment to perform the flow-through column and 
batch [ deionized water] leach tests. 

General soil chemistry of the sediments was (pH, conductivity, etc.) was measured using 
an aqueous extract (Sparks, 1996). Initial testing of both the uncontaminated and 
contaminated sediments included the following : 

• Moisture content (initial) 
• Wet sieve analysis after initial splitting (percentage of material retained/passing a 

series of sieves: I-inch, 5, 10, 18,35, 60, 120, and 230 mesh) 
• Moisture content (after passing# 5 sieve) 
• Sediment pH (50/50 mix with deionized water after I hour of contact) 
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• Conductivity (50/50 mix with deionized water after 1 hour of contact) 
• Alkalinity (50/50 mix with deionized water after 1 hour of contact) 
• Oxidation reduction potential (ORP) (50/50 mix with deionized water after 1 hour of 

contact) 
• Major anions (50/50 mix with deionized water after 1 hour of contact) 
• Major cations - acid digestion 
• Total chromium - acid digestion 
• Hexavalent chromium - alkaline extraction. 

2.2 UNCONTAMINATED GROUNDWATER 

Two water samples were obtained for this work. The first batch of water came from an 
old Hanford well [well 699-90-45] that was thought to be a background well outside the 
zone where any Cr(VI) contamination was present. This water was used in the screening 
batch adsorption tests. During the batch adsorption testing the analyses of the well were 
obtained and it was found that the water contained high iron contents suggesting some 
casing corrosion products were present. It was decided to obtain another groundwater 
sample from a newer well. Thus a second well [199-D5-42] was pumped and this water 
was used in the batch and flow-through column leach tests. 

Initial testing of the unspiked groundwater consisted of the following: 

• pH 
• Conductivity 
• Alkalinity 
• ORP 
• Total chromium 
• Hexavalent chromium 
• Major cations 
• Major anions. 

2.3 BATCH ADSORPTION TESTING METHOD 

Batch adsorption testing should be applied only to situations in which sorptive processes 
(i.e., adsorption and ion exchange) are operable for the species of interest and are 
considered to be the main mechanisms of concern. Batch testing was used to acquire a 
minimum of three data points for each Cr(VI) starting solution concentration (i.e., 
triplicates were run). The data were evaluated to verify that the relationship of the 
partition coefficient over the range of concentration is independent of starting Cr(VI) 
concentrations. The resulting Kt factor (assuming a linear relationship) will be reported 
as a 100 Areas Hanford Formation sediment site-specific value. In the event of a non~ 
linear relationship, the data could be evaluated for consideration of using concentration 
specific ~ values. 
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H+l 
2.0 PERCENT BOUND IN SPECIES #46 01401 MgHCO3 + 

3.1 PERCENT BOUND IN SPECIES #1501400 CaHCO3 + 

95.1 · PERCENT BOUND IN SPECIES #3301400 HCO3 -

4.5 PERCENT BOUND IN SPECIES #3301401 H2CO3 AQ 

4.9 PERCENT BOUND IN SPECIES #2123300 HCrO4 -

H20 
2.2 PERCENT BOUND IN SPECIES #3300020 OH-

26.5 PERCENT BOUND IN SPECIES #2813301 FeOH2 + 

31. 2 PERCENT BOUND IN SPECIES #2813302 FeOH3 AQ 

39.3 PERCENT BOUND IN SPECIES #2813303 FeOH4 -

CrO4-2 
95.7 PERCENT BOUND IN SPECIES # 212 CrO4-2 

1. 5 PERCENT BOUND IN SPECIES #4102120 KCrO4-

2.4 PERCENT BOUND IN SPECIES #2123300 HCrO4 -

Ba+2 
100.0 PERCENT BOUND IN SPECIES# 100 Ba+2 

PART 5 of OUTPUT FILE 
PC MINTEQA2 v3.10 DATE OF CALCULATIONS: 18-0CT-99--T-IM_E_:_1_1_:_5_1~:-4_8 ____ _ 

------------------------------------------------------
----------- EQUILIBRATED MASS DISTRIBUTION -----------

IDX NAME DISSOLVED SORBED PRECIPITATED 
MOL/KG PERCENT MOL/KG PERCENT MOL/KG PERCENT 

281 Fe+3 1.434E-05 100.0 0.000E-01 0.0 0.000E-01 0.0 
732 SO4-2 . 6.840E-04 100.0 0.000E-01 0.0 0.000E-01 0.0 
410 K+l 4.916E-03 100 . 0 0.000E-01 0.0 0.000E-01 0.0 
770 H4SiO4 1.458E-04 100.0 0.000E-01 0.0 0.000E-01 0.0 
180 Cl-1 9.093E-03 100.0 0.000E-01 0.0 0.000E-01 0.0 
4 92 NO3-1 5.328E-04 100.0 0.000E-01 0.0 0.000E-01 a.a 
150 Ca+2 6.219E-03 100.0 0.000E-01 0 . 0 0.000E-01 0.0 
500 Na+l 1.698E-03 100.0 0.000E-01 0.0 0.000E-01 0.0 
460 Mg+2 3.541E-03 100.0 0.000E-01 0.0 0.000E-01 0.0 
140 CO3-2 4 . 828E-04 100.0 0. 0bOE-01 0.0 0.000E-01 0.0 
330 H+l 4.605E-04 100 . 0 0.000E-01 0.0 0.000E-01 0.0 



2 H20 4.281E-05 100.0 O.OOOE-01 0.0 O.OOOE-01 0 .0 
212 Cr04-2 9. 617E-04 100.0 O.OOOE-01 0.0 O.OO OE-01 0 .0 
100 Ba+2 8.769E-07 100.0 O.OOOE-01 0 . 0 O.OOO E-01 0.0 

Charge Balance: SPECIATED 

Sum of CATIONS= 2.563E-02 Sum of ANIONS l.287E-02 

PERCENT DIFFERENCE= 3. 313E+Ol (ANIONS - CATIONS)/(ANIONS + CATIONS) 

EQUILIBRIUM IONIC STRENGTH (m) 3. 014E-02 

EQUILIBRIUM pH 7.900 

PART 6 of OUTPUT FILE 

PC MINTEQA2 v3.10 DATE OF CALCULATIONS: 18-0CT-99 TIME: 11:51:48 

Saturation indices and stoichiometry of all minerals 

ID # NAME Sat. Index Stoichiometry in [brackets) 
6015000 ANHYDRITE -1.500 [ 1.000) 150 [ 1.000) 732 
5015000 ARAGONITE -0.030 [ 1.000] 150 [ 1.000) 140 
5046000 ARTINITE -5.159 [ -2.000) 330 [ 2.000) 4 60 1.000) 140 

[ 5 . 000) 2 
6010000 BARITE 0.000 [ 1 . 000) 100 1.000) 732 
2046000 BRUCITE -3.741 [ 1.000) 4 60 2.000) 2 [ -2.000) 330 
5015001 CALCITE 0.109 [ 1.000) 150 1.000) 140 
2077000 CHALCEDONY -0.315 [ -2.000) 2 1.000) 770 
8646000 CHRYSOTILE -0. 711 [ -6 . 000] 330 3.000) 4 60 2.000) 770 

[ 1.000) 2 
8246000 CLINOENSTITE -2.125 [ -1. 000) 2 1.000) 4 60 1.000) 770 

[ -2.000] 330 
2077001 CRISTOBALITE -0.251 [ -2.000) 2 1. 000) 770 
8215000 DIOPSIDE -1.216 [ -2 . 000) 2 1.000] 150 1.000) 460 

[ 2.000) 770 -4.000) 330 
5015002 DOLOMITE 0.025 [ 1.000] 150 1.000] 4 60 2.000] 14 0 
6046000 EPSOMITE -4.242 [ 1.000] 4 60 1. 000] 732 7.000] 2 
8646003 SEPIOLITE(C) -1. 325 [ -0.500) 2 2.000] 4 60 3.000] 770 

[ -4.000] 330 
2028100 FERRIHYDRITE 3.361 [ -3.000] 330 1. 000] 281 3.000] 2 
2028103 Fe(OH)3 soil 5.552 [ -3.000] 330 1.000] 281 3.000] 2 
4128100 FEOH)2.7CL . .3 8.288 [ -2.700] 330 1.000] -281 2.700] 2 

[ 0.300] 180 
6028100 FE2(S04)3 -45.369 [ 2.000] 281 3.000] 732 
8046000 FORSTERITE -6.034 [ -4.000] 330 2.000] 4 60 1. 000] 770 
2028102 GOETHITE 7.752 [ -3.000] 330 1.000] 281 2.000] 2 
6015001 GYPSUM -1.289 [ 1.000] 150 1.000] 732 2.000] 2 
4150000 HALITE -6.539 [ 1.000] 500 1.000] 180 
3028100 HEMATITE 20. 513 [ -6.000] 330 2.000] 281 3.000] 2 
5015003 HUNTITE -4.225 [ 3 . 000] 4 60 1.000] 150 4.000] 14 0 
5046001 HYDRMAGNESIT -12.621 [ 5.000) 4 60 4.000] 140 -2.000] 330 

[ 6 . 000] 2 
6050000 JAROSITE NA, 2.151 [ -6.000) 330 1. 000] 500 3.000) 281 

[ 2.000] 732 6.000] 2 
6041002 JAROSITE K 6.212 [ -6.000] 330 1.000] 410 3.000] 281 



[ 2.000) 732 6.000] 2 
6028101 JAROSITE H -2.006 [ -5.000) 330 3.000] 281 2.000] 732 

[ 7.000) 2 
8450000 MAGADIITE -7.507 [ -1.000] 330 -9.000] 2 1.000] 500 

[ 7.000] 770 
3028101 MAGHEMITE 10. ll 9 [ -6.000] 330 2.000] 281 3.000] 2 
5046002 MAGNESITE -0.580 [ 1.000) 4 60 1.000) 140 
6050001 MIRABILITE -8.206 [ 2.000) 500 1.000) 732 10.000] 2 
3050000 NATRON -10.238 [ 2.000] 500 1.000] 140 10.000] 2 
5046003 NESQUEHONITE -2.989 [ 1. 000] 4 60 1.000] 140 3.000] 2 
2077002 QUARTZ 0.168 [ -2.000] 2 1. 000) 770 
8646004 SEPIOLITE(A) -4.192 [ -0.500] 2 2.000) 460 3.000] 770 

[ -4.000) 330 
2077003 SI02 (A, GL) -0.820 [ -2.000] 2 1.000] 770 
2077004 SI02 (A, PT) -1.128 [ -2.000) 2 1.000) 770 
8646002 TALC 0.747 [ -4.000] 2 3.000) 4 60 4.000] 770 

[ -6 . 000) 330 
6050002 THENARDITE -9.139 [ 2 . 000) 500 1. 000] 732 
5050001 THERMONATR -11.672 [ 2.000) 500 1.000] 140 1.000) 2 
8215001 TREMOLITE 4.596 [ -8 . 000] 2 [ 2.000] 15 0 5.000] 460 

[ 8.000) 770 (-14 . 000) 330 
5010000 WITHERITE -3.620 [ 1. 000] 100 [ 1.000] 140 
2015000 LIME -19.503 [ -2.000] 330 [ 1.000] 150 [ 1.000] 2 
2015001 PORTLANDITE -9.381 .[ -2.000] 330 [ 1.000] 150 [ 2.000] 2 
2046001 PERI CLASE -8.459 [ -2.000] 330 [ 1 . 000] 4 60 [ 1. 000) 2 
3046001 MAG-FERRITE 12.791 [ -8.000] 330 [ 1.000] 4 60 . [ 2.000) 281 

[ 4. 000) 2 
8215002 WOLLASTONITE -3.539 [ -1. 000) 2 -2.000] 330 1.000) 770 

[ 1. 000) 150 
8215003 P-WOLLSTANIT -4.389 [ -1.000) 2 -2.000) 330 1.000) 770 

[ 1. 000] 150 
8015001 CA-OLIVINE -14.898 [ -4.000) 330 1.000] 770 2.000] 150 
8015002 LARNITE -16.390 [ -4.000] 330 1. 000] 770 2.000] 150 
8015007 CA3SI05 -37.822 [ -6.000] 330 1. 000] 770 3.000] 150 

[ 1.000] 2 
8015003 MONTI CELLI TE -7.764 [ -4.000) 330 1.000] 770 1.000] 150 

[ 1.000) 460 
8015005 AKERMINITE -15 . 508 [ -1.000] 2 -6.000] 330 [ 2.000) 770 

[ 2 . 000] 150 1.000] 4 60 
8015004 MERWIN I TE -23.285 [ -8.000] 330 2.000] 770 1.000] 460 

[ 3 . 000] 150 
3028102 LEPIDOCROCIT 6.881 [ -3.000] 330 1. 000] 281 2.000] 2 
3021201 BACR04 0 . 000 [ 1.000] 212 1.000] 100 
3021205 K2CR04 -8.095 [ 1.000] 212 2.000] 410 
3021206 K2CR207 -11. 540 [ 2.000] 212 2.000] 410 2.000) 330 

[ --:1.000] 2 
3021208 MGCR04 -11. 453 [ 1.000] 212 1.000] 4 60 
3021210 NA2CR04 -12.272 [ 1. 000] 212 2.000] 500 
3021211 NA2CR207 -18.239 [ 2.000] 212 2 . 000] 500 2.000] 330 

[ -1. 000] 2 
2021200 Cr03 -15 . 913 [ 1.000] 212 2.000] 330 -1.000] 2 
3015000 CaCr04 -3.563 [ 1.000] 150 1 . 000] 212 

• ••••••••••••••••••••• •• •••••••••••••••••• • ••••••• • •• • •• •• • ••••• • ••• •••• • • ••••••• 
THIS IS THE OUTPUT FILE FOR THE EQUILIBRIUM EFFLUENT (ENDING STEADY STATE 
COMPOSITION) FROM THE COLUMN LEACH TEST ASSUMING THAT ONLY BARIUM CHROMATE IS 
CONTROLLING CR AND BA. 






























